
 

 Hazus Inventory 

Technical Manual  
Hazus 6.0 

 

November 2022 

 

  



 

 

 

 

 

 

 

 

 

 

This page left intentionally blank



 

 Page i 

Table of Contents 

Table of Contents ..................................................................................................................................... i 

List of Figures ........................................................................................................................................ iv 

List of Tables ........................................................................................................................................... v 

Acronyms and Abbreviations ............................................................................................................... viii 

Section 1. Introduction to the FEMA Hazus Loss Estimation Methodology ..................................... 1-1 

1.1 Background ............................................................................................................................... 1-1 

1.2 Hazus Uses and Applications ................................................................................................... 1-2 

1.3 Assumed User Expertise ........................................................................................................... 1-2 

1.4 When to Seek Help ................................................................................................................... 1-3 

1.5 Technical Support ..................................................................................................................... 1-3 

1.6 Uncertainties in Loss Estimates ............................................................................................... 1-4 

1.7 Hazus Versions and Inventory Status ...................................................................................... 1-4 

Section 2. Introduction to Inventory Data ........................................................................................ 2-1 

2.1 Inventory Data Overview ........................................................................................................... 2-2 

2.2 Level of Analysis ........................................................................................................................ 2-3 

2.2.1 Analysis Based on Baseline Information ......................................................................... 2-4 

2.2.2 Analysis with User-Supplied Inventory ............................................................................. 2-5 

Section 3. General Building Stock: Spatial Data .............................................................................. 3-1 

3.1 Census Boundary Data ............................................................................................................. 3-2 

3.2 Dasymetric Data ........................................................................................................................ 3-4 

3.2.1 Centroid Calculation .......................................................................................................... 3-7 

3.3 Homogenous Boundaries ......................................................................................................... 3-7 

3.4 Community Boundary Data .................................................................................................... 3-12 

3.5 Site Level Data ........................................................................................................................ 3-19 

3.6 District of Columbia General Building Stock Data ................................................................ 3-20 

3.7 Pacific Territories Tsunami General Building Stock Data ..................................................... 3-21 

Section 4. General Building Stock: Occupancy and Building Types ................................................. 4-1 

4.1 Occupancy ................................................................................................................................. 4-1 

4.2 Building Types ........................................................................................................................... 4-3 

4.2.1 Earthquake and Tsunami Specific Building Types .......................................................... 4-3 

4.2.2 Flood Specific Building Types ........................................................................................... 4-8 

4.2.3 Hurricane Specific Building Types .................................................................................. 4-10 

Section 5. General Building Stock: Baseline Database for Building Characteristics ....................... 5-1 

5.1 Background ............................................................................................................................... 5-2 

5.2 Building Characteristics ............................................................................................................ 5-3 

5.2.1 Housing Units .................................................................................................................... 5-3 

5.2.2 Building Counts ................................................................................................................. 5-4 

5.2.3 Building Area ..................................................................................................................... 5-4 

5.2.4 Building Height  ................................................................................................................. 5-6 

5.2.5 Building Age ....................................................................................................................... 5-6 

5.3 Garages ..................................................................................................................................... 5-6 

5.4 All Hazards Mapping Scheme .................................................................................................. 5-7 

5.5 Other Earthquake Building Characteristics ............................................................................. 5-7 



 

 Page ii 

5.6 Other Flood Building Characteristics ....................................................................................... 5-7 

5.6.1 Block Type Designation..................................................................................................... 5-7 

5.6.2 Building Year Built and Pre-FIRM/Post-FIRM Designation ........................................... 5-12 

5.6.3 Flood Foundation Types .................................................................................................. 5-13 

5.7 Other Hurricane Building Characteristics .............................................................................. 5-26 

5.7.1 Roof Shape ...................................................................................................................... 5-26 

5.7.2 Roof Cover Type .............................................................................................................. 5-26 

5.7.3 Roof Deck Attachment .................................................................................................... 5-27 

5.7.4 Roof Frame and Wall Connections ................................................................................. 5-27 

5.7.5 Fenestrations................................................................................................................... 5-27 

5.7.6 Other Characteristics ...................................................................................................... 5-27 

5.7.7 Wind Building Characteristic Mapping Schemes .......................................................... 5-28 

5.8 Other Tsunami Building Characteristics ................................................................................ 5-28 

5.8.1 Earthquake-Derived Characteristics .............................................................................. 5-34 

5.8.2 Flood-Derived Characteristics ........................................................................................ 5-35 

5.9 Demographics ......................................................................................................................... 5-36 

5.10 Flood-Specific Inventory Data for Vehicles ............................................................................ 5-41 

Section 6. General Building Stock: Baseline Database for Economic Values ................................. 6-1 

6.1 Structure Replacement Value .................................................................................................. 6-2 

6.1.1 RES1 Valuation Equation .................................................................................................. 6-6 

6.1.2 RES2 Valuation Equation .................................................................................................. 6-9 

6.1.3 Other Occupancies Valuation Equation ......................................................................... 6-10 

6.2 Contents Replacement Value ................................................................................................. 6-10 

6.3 County Modification Factors ................................................................................................... 6-11 

6.4 Depreciated Building Replacement Values ........................................................................... 6-12 

6.4.1 Single-Family Residential Occupancy Depreciation Model .......................................... 6-12 

6.4.2 Other Residential and Non-Residential Occupancies Depreciation Model ................. 6-13 

6.5 Other Economic Values........................................................................................................... 6-14 

6.5.1 Business Inventory .......................................................................................................... 6-14 

6.5.2 Relocation Expenses (Rental and Disruption Costs) .................................................... 6-15 

6.5.3 Loss of Income ................................................................................................................ 6-18 

Section 7. Essential Facilities: Medical Care, Emergency Response, and Schools ......................... 7-1 

7.1 Classification ............................................................................................................................. 7-5 

7.2 Replacement Cost Models ....................................................................................................... 7-5 

7.2.1 Medical Care...................................................................................................................... 7-5 

7.2.2 Fire Stations ...................................................................................................................... 7-6 

7.2.3 Police Stations ................................................................................................................... 7-8 

7.2.4 Emergency Operations Centers ........................................................................................ 7-8 

7.2.5 Schools .............................................................................................................................. 7-9 

7.3 Spatial and Tabular Data ........................................................................................................ 7-16 

7.3.1 Medical Care.................................................................................................................... 7-16 

7.3.2 Fire Stations .................................................................................................................... 7-17 

7.3.3 Police Stations ................................................................................................................. 7-17 

7.3.4 Emergency Operations Center (EOC) ............................................................................. 7-18 

7.3.5 Schools ............................................................................................................................ 7-18 

7.3.6 Limitations ....................................................................................................................... 7-20 



 

 Page iii 

Section 8. High Potential Loss Facilities .......................................................................................... 8-1 

Section 9. Transportation Systems .................................................................................................. 9-1 

9.1 Highway Transportation System............................................................................................... 9-6 

9.2 Railway Transportation System .............................................................................................. 9-13 

9.3 Light Rail Transportation System ........................................................................................... 9-16 

9.4 Bus Transportation System .................................................................................................... 9-17 

9.5 Port Transportation System .................................................................................................... 9-17 

9.6 Ferry Transportation System .................................................................................................. 9-18 

9.7 Airport Transportation System ............................................................................................... 9-19 

9.8 Limitations ............................................................................................................................... 9-20 

Section 10. Utility Systems ............................................................................................................... 10-1 

10.1 Potable Water Systems .......................................................................................................... 10-4 

10.2 Wastewater Systems .............................................................................................................. 10-8 

10.3 Oil Systems ........................................................................................................................... 10-11 

10.4 Natural Gas Systems ........................................................................................................... 10-13 

10.5 Electric Power Systems ........................................................................................................ 10-15 

10.6 Communication Systems ..................................................................................................... 10-18 

10.7 Limitations ............................................................................................................................ 10-18 

Section 11. References .................................................................................................................... 11-1 

Appendix A. Building Stock Mapping Scheme Tables ........................................................................ A-1 

Appendix B. Earthquake Essential Facilities Mapping Schemes ........................................................ B-1 

 



 

 Page iv 

List of Figures 

Figure 2-1 Level of Hazus Analysis .......................................................................................................... 2-4 

Figure 3-1 Example of New Dasymetric Census Blocks in Hazus 6.0 ................................................... 3-6 

Figure 5-1 First Floor Height Above Grade for Structure with Basement and Structure on Slab ...... 5-15 

Figure 6-1 Single-Family Residential Depreciation Models ................................................................. 6-12 

Figure 6-2 Non-Residential Depreciation Model .................................................................................. 6-13 

 



 

 Page v 

List of Tables 

Table 1-1 Hazus Versions and Inventory Data ........................................................................................ 1-4 

Table 3-1 Census Regions and Divisions ................................................................................................ 3-3 

Table 3-2 Dasymetric Input Data ............................................................................................................. 3-4 

Table 3-3 Geodatabase Field Descriptions - hzCensusBlock and hzCensusBlock_Tiger .................... 3-8 

Table 3-4 Geodatabase Field Descriptions - hzTract ........................................................................... 3-10 

Table 3-5 Geodatabase Field Descriptions - hzCounty ........................................................................ 3-12 

Table 3-6 hzCommunity Input Data ....................................................................................................... 3-12 

Table 3-7 hzCommunity Attributes by Data Source .............................................................................. 3-13 

Table 3-8 hzCommunity_Block Input Data ........................................................................................... 3-14 

Table 3-9 hzCommunity Layer Fields by Data Source .......................................................................... 3-14 

Table 3-10 hzCommunity_State Input Data ......................................................................................... 3-15 

Table 3-11 hzWatershed, syWatershed and syWatershed_Block Input Data .................................... 3-15 

Table 3-12 hzWatershed Fields by Data Source .................................................................................. 3-16 

Table 3-13 syWaterShed Fields by Data Source .................................................................................. 3-16 

Table 3-14 syWatershed_Block Fields by Data Source ....................................................................... 3-17 

Table 3-15 syHazus State, County, and Tract Input Data .................................................................... 3-17 

Table 3-16 syTract Fields by Data Source ............................................................................................ 3-17 

Table 3-17 syCounty Fields by Data Source ......................................................................................... 3-18 

Table 3-18 syState Fields by Data Source ............................................................................................ 3-18 

Table 3-19 Site Level Data Input Data .................................................................................................. 3-19 

Table 3-20 District of Columbia General Building Stock Input Data ................................................... 3-20 

Table 4-1 Hazus General and Specific Occupancy Classes ................................................................... 4-2 

Table 4-2 Earthquake and Tsunami Model Specific Building Types ..................................................... 4-3 

Table 4-3 Flood Model Specific Building Types ...................................................................................... 4-9 

Table 4-4 Hurricane Model Specific Building Types ............................................................................. 4-10 

Table 5-1 Baseline General Building Stock Database Summary Table ................................................ 5-1 

Table 5-2 General Building Stock Input Data ......................................................................................... 5-2 

Table 5-3 hzSqftFactor Values used for RES3 Calibrations ................................................................... 5-4 

Table 5-4 NSI 2022 Occupancy Type Areas ........................................................................................... 5-5 

Table 5-5 Distribution of Garage Types for Single-Family Residential Structures (% of total) ............. 5-6 

Table 5-6 Block Type Designation Input Data ........................................................................................ 5-8 

Table 5-7 Combinations of NFHL Flood Zone and Flood Zone Subtype Considered Coastal .............. 5-9 

Table 5-8 Coastal and Great Lake Shoreline Approach - Manual Exceptions .................................... 5-10 

Table 5-9 Census Block Type Data Limitations .................................................................................... 5-10 

Table 5-10 flSchemeMapping Layer Field Descriptions ...................................................................... 5-12 

Table 5-11 Default First Floor Height Above Grade Set ....................................................................... 5-15 

Table 5-12 Distribution of Foundation Types for Riverine Single-Family and Multi-Family 

Residences (% of total) .................................................................................................. 5-21 

Table 5-13 Foundation Type Value Description .................................................................................... 5-21 



 

 Page vi 

Table 5-14 Default First Floor Heights Above Grade to Top of Finished Floor (Riverine) .................. 5-22 

Table 5-15 Distribution of Coastal Pre-FIRM Foundation Types (% of Total) ...................................... 5-23 

Table 5-16 Coastline Definitions ........................................................................................................... 5-23 

Table 5-17 Percent Distribution of Coastal Post-FIRM Foundation Types by Coastal Zones ............ 5-24 

Table 5-18 Default First Floor Height Above Grade to Top of Finished Floor (Coastal) ..................... 5-25 

Table 5-19 Crosswalk of Specific Occupancy Type/ID to Default Occupancy Type/ID ...................... 5-29 

Table 5-20 Additional Default Values for American Samoa, Guam and Northern Mariana 

Islands ............................................................................................................................ 5-30 

Table 5-21 Tsunami Model National Structure Inventory Field Descriptions and Data Types .......... 5-30 

Table 5-22 Hazus Tsunami Seismic Design Levels by Field Name ..................................................... 5-34 

Table 5-23 Estimated Benchmark Year Tsunami Seismic Design Levels for States and 

Territories........................................................................................................................ 5-35 

Table 5-24 Demographics Input Data ................................................................................................... 5-36 

Table 5-25 Demographics Data and Module Utilization Within Hazus ............................................... 5-37 

Table 5-26 Median Household Income by State and Territory ............................................................ 5-39 

Table 6-1 General Building Stock Economic Data Summary ................................................................. 6-1 

Table 6-2 Default Full Structure Replacement Cost ............................................................................... 6-3 

Table 6-3 Replacement Costs for RES1 Structures ............................................................................... 6-4 

Table 6-4 Single-Family Residential Garage Adjustment ....................................................................... 6-5 

Table 6-5 RES1 Construction Class Weights Relative to Income Ratio ................................................ 6-5 

Table 6-6 Manufactured Housing Replacement Cost Model ................................................................. 6-6 

Table 6-7 RES1 Valuation Model Data Sources ..................................................................................... 6-7 

Table 6-8 Basement Distribution by Census Division ............................................................................ 6-7 

Table 6-9 Percent Distribution of Number of Stories for Single-family Residences by Census 

Region ............................................................................................................................... 6-8 

Table 6-10 Baseline Hazus Contents Value as Percent of Structure Value ....................................... 6-11 

Table 6-11 Annual Gross Sales or Production ...................................................................................... 6-14 

Table 6-12 Business Inventory (Percent of Gross Annual Sales) ........................................................ 6-15 

Table 6-13 Rental Costs and Disruption Costs ..................................................................................... 6-15 

Table 6-14 Consumer Price Index 1990ð2021 ................................................................................... 6-16 

Table 6-15 Percent Owner Occupied by Occupancy Class .................................................................. 6-17 

Table 6-16 Proprietorõs Income (2021) ................................................................................................ 6-19 

Table 6-17 Hazus Recapture Factors[1] ................................................................................................. 6-21 

Table 7-1 Baseline Essential Facilities Spatial Database Elements for Medical Care,  

Emergency Response, and Schools ................................................................................ 7-1 

Table 7-2 Baseline Essential Facilities Tabular Database Elements for Medical Care,  

Emergency Response, and Schools ................................................................................ 7-4 

Table 7-3 Classification of Essential Facilities ....................................................................................... 7-5 

Table 7-4 Replacement Cost Models for Medical Care Facilities .......................................................... 7-6 

Table 7-5 Replacement Cost Models for Fire Stations .......................................................................... 7-7 

Table 7-6 Replacement Cost Models for Police Stations and Other Law Enforcement Facilities ....... 7-8 

Table 7-7 Replacement Cost Models for Emergency Operations Centers ............................................ 7-9 



 

 Page vii 

Table 7-8 Square Foot Allocations and Average Enrollments from the 2021 HIFLD Open 

Public Schools Database ............................................................................................... 7-11 

Table 7-9 Replacement Cost Models for Public Schools ..................................................................... 7-12 

Table 7-10 Private School Square Foot Allocations ............................................................................. 7-12 

Table 7-11 Replacement Cost Models for Private Schools ................................................................. 7-13 

Table 7-12 Square Foot Allocations from the 2021 HIFLD Open Colleges & Universities and 

Supplemental Colleges Data ......................................................................................... 7-15 

Table 7-13 Average Enrollments from the 2021 HIFLD Open Colleges & Universities and 

Supplemental Colleges Data ......................................................................................... 7-15 

Table 7-14 Replacement Cost Models for Colleges & Universities and Supplemental Colleges ...... 7-16 

Table 7-15 Essential Facilities Inventory Occupancy Classification and Flood Model Default 

Parameters ..................................................................................................................... 7-19 

Table 8-1 Baseline High Potential Loss Database Summary ................................................................ 8-1 

Table 8-2 High Potential Loss Facilities Classifications ......................................................................... 8-2 

Table 9-1 Baseline Transportation System Databases Summary ......................................................... 9-1 

Table 9-2 Valuation Data for Transportation Elements ......................................................................... 9-3 

Table 9-3 Highway Bridge Replacement Cost Model ............................................................................. 9-5 

Table 9-4 Bridge Material Classes in National Bridge Inventory ........................................................... 9-7 

Table 9-5 Bridge Types in National Bridge Inventory ............................................................................. 9-7 

Table 9-6 Detailed Hazus Bridge Classification Scheme ....................................................................... 9-9 

Table 9-7 Hazus Highway System Classification .................................................................................. 9-12 

Table 9-8 Hazus Railway System Classification ................................................................................... 9-15 

Table 9-9 Hazus Light Rail System Classification ................................................................................. 9-16 

Table 9-10 Hazus Bus System Classification ....................................................................................... 9-17 

Table 9-11 Hazus Port and Harbor System Classification ................................................................... 9-18 

Table 9-12 Hazus Ferry System Classification ..................................................................................... 9-19 

Table 9-13 Hazus Airport Facility Systems Classifications .................................................................. 9-20 

Table 10-1 Baseline Utility Systems Databases Summary .................................................................. 10-1 

Table 10-2 Valuation Data for Utility Elements Developed from HIFLD Open Data ........................... 10-3 

Table 10-3 Power Plant Replacement Cost Model ............................................................................... 10-4 

Table 10-4 Hazus Potable Water System Classification ...................................................................... 10-6 

Table 10-5 Potable Water System Classifications and Flood Model Default Parameters ................. 10-8 

Table 10-6 Hazus Wastewater System Classification .......................................................................... 10-9 

Table 10-7 Wastewater Classifications and Flood Model Default Parameters ............................... 10-10 

Table 10-8 Hazus Oil System Classification ...................................................................................... 10-12 

Table 10-9 Oil System Classifications and Flood Model Default Parameters ................................. 10-13 

Table 10-10 Hazus Natural Gas System Classification .................................................................... 10-14 

Table 10-11 Natural Gas System Classifications and Flood Model Default Parameters ............... 10-15 

Table 10-12 Hazus Electric Power Facilities System Classification ................................................. 10-16 

Table 10-13 Electric Power System Classifications and Flood Model Default Parameters ........... 10-17 

Table 10-14 Hazus Communication Facilities System Classification .............................................. 10-18 



Hazus Inventory Technical Manual 

 Page viii 

Acronyms and Abbreviations 

Acronym/  
Abbreviation 

Definition 

ACS American Community Survey 

AEBM Advanced Engineering Building Module 

AGR Agriculture 

ASCE American Society of Civil Engineers 

ATC Applied Technology Council 

BEA Bureau of Economic Analysis 

BFE Base Flood Elevation 

BLS Bureau of Labor Statistics 

BUR Built-Up Roof 

C Concrete 

CBECS Commercial Buildings Energy Consumption Survey 

CCD Community College District 

CDE California Department of Education 

CDMS Comprehensive Data Management System 

CECB Concrete, Engineered Commercial Building 

CEIWR USACE Institute for Water Resources 

CERB Concrete, Engineered Residential Building 

CID 

CIS 

Community Identification Number 

Community Information System 

COM Commercial 

CONUS Continental United States 

CPI Consumer Price Index 

DHS U.S. Department of Homeland Security 

DOE Department of Energy 

EDU Education 

EF Essential Facilities 

EIA Energy Information Administration 

EOC Emergency Operations Center 



Hazus Inventory Technical Manual 

 Page ix 

Acronym/  
Abbreviation 

Definition 

EPA Environmental Protection Agency 

EQ Earthquake 

ESRI Environmental Systems Research Institute 

ETM+ Enhanced Thematic Mapper+ (Landsat) 

FCC Federal Communications Commission 

FEMA Federal Emergency Management Agency  

FHBM Flood Hazard Boundary Map 

FIPS Federal Information Processing Standards 

FIRM Flood Insurance Rate Map 

FFHAG First Floor Height Above Grade 

FL Flood 

ft Feet  

ft2 Square Feet 

FHWA Federal Highway Administration 

GBS General Building Stock 

GCS Geographic Coordinate System 

GEOID Geographic Identifiers 

GHIN Global Hazards Information Network 

GIS Geographic Information Systems 

GOV Government 

GS Ground Shaking 

HC  High-Code 

HEC-FIA USACE Hydrologic Engineering Center, Flood Impact Assessment 

HIFLD  Homeland Infrastructure Foundation-Level Data 

hp Horsepower 

HPL High Potential Loss 

HS Special High-Code 

HU Hurricane 

HUC Hydrologic Unit Code 

HUD U.S. Department of Housing and Urban Development 



Hazus Inventory Technical Manual 

 Page x 

Acronym/  
Abbreviation 

Definition 

IND Industrial 

IPUMS Integrated Public Use Series 

IR Income Ratio 

km Kilometer 

kV Kilovolt 

kW Kilowatt 

Lidar Light detection and ranging 

LEHD Longitudinal Household Employer Dynamic Database 

LC  Low-Code 

LS Special Low-Code 

M Masonry 

MC  Moderate-Code 

MECB Masonry, Engineered Commercial Building 

MERB Masonry, Engineered Residential Building 

MGD Million Gallons per Day 

MH Mobile Homes or Manufactured Housing 

MLR Masonry, Low-Rise 

MMcf Million Cubic Feet 

MMUH Masonry, Multi-Unit Housing 

MPP Map Production Pro 

MR Maintenance Release 

MRLC Multi-Resolution Land Characteristics Consortium 

MS Special Moderate-Code 

MSF Masonry, Single-family 

MTFCC Master Address File (MAF)/TIGER Feature Class Code 

MW Megawatts 

NAICS North American Industry Classification System 

NBI National Bridge Inventory 

NEHRP National Earthquake Hazards Reduction Program 

NFHL National Flood Hazard Layer 



Hazus Inventory Technical Manual 

 Page xi 

Acronym/  
Abbreviation 

Definition 

NFIP National Flood Insurance Program 

NGA National Geospatial-Intelligence Agency 

NHGIS National Historical Geographic Information System 

NHRAP FEMA Natural Hazards Risk Assessment Program 

NIBS National Institute of Building Sciences 

NLCD National Land Cover Database 

NSI National Structure Inventory 

OCONUS Outside of the Continental United States 

ORNL Oak Ridge National Laboratory 

PC Precast Concrete 

PC  Pre-code 

PDC Pacific Disaster Center 

PGD Permanent Ground Deformation 

PGV Peak Ground Velocity 

RCMP Residential Construction Mitigation Program 

REL Religion/Non-Profit 

RES Residential 

RM Reinforced Masonry 

S Steel 

SBT Specific Building Type 

sec Second 

SECB Steel, Engineered Commercial Building 

SERB Steel, Engineered Residential Building 

SFHA Special Flood Hazard Areas 

SFR Single-family Residential 

SIC Standard Industrial Classification 

SLTT State, Local, Tribal, and Territorial  

SLUA Special Land Use Area 

SP Service Pack 

SPM Single-Ply Membrane 



Hazus Inventory Technical Manual 

 Page xii 

Acronym/  
Abbreviation 

Definition 

SPM School Planning & Management Magazine 

SPMB Steel, Pre-Engineered Metal Building 

SR Service Release 

TFID Topological Face Identifier 

TIGER Topologically Integrated Geographic Encoding and Referencing 

TS Tsunami 

UDF User-Defined Facilities  

URM Unreinforced Masonry 

USACE U.S. Army Corps of Engineers 

USGS U.S. Geological Survey 

UTM Universal Transverse Mercator 

VHAMF Veteranõs Health Administration Medical Facilities 

W Wood 

WBC Wind Building Characteristic 

WBD Watershed Boundary Dataset 

WMUH Wood, Multi-Unit Housing 

WSF Wood, Single-family 

WTP Water Treatment Plant 

WWTP Wastewater Treatment Plant 



Hazus Inventory Technical Manual 

 Page 1-1 

Section 1. Introduction to the FEMA Hazus Loss 
Estimation Methodology 

1.1 Background 

The Hazus Loss Estimation Methodology provides state, local, tribal, and territorial (SLTT) officials with a 

decision support software for estimating potential losses from four natural hazards: floods (FL), 

hurricanes (HU), earthquakes (EQ), and tsunamis (TS). This loss estimation capability enables users to 

anticipate the consequences of natural hazard events and develop plans and strategies for reducing 

risk. The Geographic Information Systems (GIS)-based software can be applied to study geographic 

areas of varying scale with diverse population characteristics and can be implemented by users with a 

wide range of technical and subject matter expertise. 

This Methodology has been developed, enhanced, and maintained by the Federal Emergency 

Management Agency (FEMA) to provide a tool for developing natural hazard loss estimates for use in: 

�ƒ Anticipating the possible nature and scope of the emergency response needed to cope with 

disasters. 

�ƒ Developing plans for recovery and reconstruction following a disaster. 

�ƒ Mitigating the possible consequences of natural hazards. 

The use of this standardized Methodology provides nationally comparable estimates that allow the 

federal government to plan natural hazard responses and guide the allocation of resources to stimulate 

risk mitigation efforts. 

This Hazus Inventory Technical Manual documents the background information used to establish the 

baseline datasets provided within the Hazus software. The focus of this manual is the common 

inventory datasets used by all four individual natural hazard models to provide a single source 

document that avoids repeating information within the hazard-specific Technical Manuals. Together, 

these technical documents provide a comprehensive overview of this nationally applicable loss 

estimation methodology. 

In addition to this Hazus Inventory Technical Manual and the four hazard-specific Technical Manuals, 

there are separate Hazus User Guidance documents for each of the four hazards and the Hazus 

Comprehensive Data Management System (CDMS) tool. Those documents outline the background and 

instructions for developing a Study Region and defining a scenario to complete a hazard-specific loss 

estimation study using Hazus. They also provide information on how to modify inventory and improve 

hazard data and analysis parameters for advanced applications, and how to calculate and interpret loss 

results. 
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1.2 Hazus Uses and Applications 

Hazus can be used by various users with a wide range of needs for information. An SLTT government 

official may be interested in the costs and benefits of specific mitigation strategies and may want to 

know the expected losses if mitigation strategies have (or have not) been applied. Emergency response 

teams may use the results of a loss analysis in planning and performing emergency response exercises. 

In particular, they might be interested in the operating capacity of emergency facilities such as fire 

stations, emergency operations centers, and police stations. Emergency planners may want estimates 

of temporary shelter requirements for different disaster events. Federal and state government officials 

may require an estimate of economic losses (both short-term and long-term) in order to direct resources 

to affected communities after an event. Insurance companies may be interested in the estimated 

monetary losses, so they can assess asset vulnerability.  

Natural hazard loss estimation analyses have a variety of uses for various departments, agencies, and 

community officials. As users become familiar with the loss estimation methodology, they can 

determine which Hazus Methodology is the most suitable for their needs, and how to appropriately 

interpret the results of the analysis. 

1.3 Assumed User Expertise 

Users can be divided into two groups: those who perform the analysis and those who use the analysis 

results. For some analyses, these two groups occasionally consist of the same people, but generally this 

will not be the case. However, the more interaction that occurs between these two groups, the better 

the analysis will be. End users of the loss estimation analysis need to be involved from the beginning to 

make results more usable.  

Any risk modeling effort can be complex and would benefit from input of an interdisciplinary group of 

experts. A loss analysis could be performed by a representative team consisting of the following: 

�ƒ Geologists  

�ƒ Geotechnical engineers  

�ƒ Structural engineers  

�ƒ Architects 

�ƒ Economists 

�ƒ Meteorologists 

�ƒ Wind engineers 

�ƒ Civil engineers 

�ƒ Hydrologists  

�ƒ Social scientists  

�ƒ Emergency planners  

�ƒ GIS specialists 

�ƒ Policy makers
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The individuals needed to perform the analysis can provide valuable insight into the risk assessment 

process. For example, with the direct integration of probabilistic and deterministic earthquake ground 

motion data from the U.S. Geological Survey (USGS) into Hazus, defining earthquake hazard scenarios 

using authoritative data has become much easier. In addition to subject matter expert involvement, at 

least one GIS specialist should participate on the team. 

If an SLTT agency is performing the analysis, some of the expertise may be found in-house. Experts are 

generally found in several departments: building permitting, public works, planning, public health, 

engineering, information technologies, finance, historical preservation, natural resources, and land 

records. Although internal expertise may be readily available, the importance of external participation of 

individuals from academic institutions, citizen organizations, and private industry cannot be 

underestimated. 

1.4 When to Seek Help 

The results of a loss estimation analysis should be interpreted with caution because baseline values 

have a great deal of uncertainty. Baseline inventory datasets are the datasets that are provided with 

Hazus. If the loss estimation team does not include individuals with expertise in the areas described 

above, it is advisable to retain objective reviewers with subject matter expertise to evaluate and 

comment on map and tabular data outputs. 

If the user intends to modify the baseline inventory data or default parameters, assistance from a 

subject matter expert would benefit the project. For example, if the user wishes to change baseline 

percentages of specific building types for the region, collaborating with a structural engineer with 

knowledge of regional design and construction practices will be helpful. Similarly, if damage-motion 

relationships (fragility curves) need editing, input from a structural engineer will be required.  

1.5 Technical Support 

Technical Support contact information is provided in the Hazus application at Help|Obtaining Technical 

Support. Technical assistance is available via the Hazus Help Desk by email at FEMA-Hazus-

support@fema.dhs.gov (preferred) or by phone at 1-877-FEMA-MAP (1-877-336-2627). The FEMA 

Hazus website also provides answers to frequently asked questions, and information on software 

updates, training opportunities, and upcoming webinars. 

FEMA-provided resources also include the Hazus Virtual Training Library, a series of short videos 

arranged into playlists that cover various Hazus topics, from an introduction to Hazus methodologies, to 

targeted tutorials on running Hazus analyses, to best practices when sharing results with decision 

makers. This easily accessible learning material provides quick topic refreshers, free troubleshooting 

resources, and engaging guides to further Hazus exploration. 

The applicationõs Help menu references the help files for ArcGIS. Since Hazus was built as an extension 

to ArcGIS functionality, knowing how to use ArcGIS and the ArcGIS Help Desk will help Hazus users. 

Technical support on any of the four hazards is available at the contacts shown via Help|Obtaining 

Technical Support. 



Hazus Inventory Technical Manual 

 Page 1-4 

1.6 Uncertainties in Loss Estimates 

Although the Hazus software offers users the opportunity to prepare comprehensive loss estimates, it 

should be recognized that uncertainties are inherent in any estimation methodology, even with state-of-

the-art techniques. Any region or city studied will have an enormous variety of buildings and facilities of 

different sizes, shapes, and structural systems built over a range of years under varying design codes. A 

variety of components contribute to transportation and utility system damage estimations in certain 

hazard models.  

There are also insufficient comprehensive data from past events or laboratory experiments to determine 

precise estimates of damage based on different measures of hazard severity, such as known ground 

motions, flood depths, or wind speeds. To deal with this complexity and lack of data, buildings and 

components of systems are grouped into categories based on key characteristics. The relationships 

between measures of hazard severity and average degree of damage with associated losses for each 

building category are based on current data and available theories.  

The results of a natural hazard loss analysis should not be looked upon as a prediction. Instead, they 

are only an estimate, as uncertainty inherent to the model will be influenced by quality of inventory data 

and the hazard parameters.  

1.7 Hazus Versions and Inventory Status 

Table 1-1 below lists each of the Hazus versions and any major changes to baseline inventory data with 

each release. 

Table 1-1 Hazus Versions and Inventory Data[1] 

Hazus Version Release Date Hazards Inventory Summary Replacement Value 
Model Year 

HAZUS97 1997 EQ 1990 Census data, Earthquake 

added using Census tracts 

1994 

HAZUS99 Dec. 1999 EQ 1990 Census data 1994 

HAZUS99 SR1 2001 EQ 1990 Census data 1994 

HAZUS99 SR2 Mar. 2002 EQ, FL 1990 Census data, Flood added 

using Census blocks 

1994 

HAZUS-MH 1.0 Jan. 2004 EQ, FL, HU 2000 Census data, Hurricane 

added using Census tracts 

2002 

HAZUS-MH MR1  Jan. 2005 EQ, FL, HU 2000 Census data 2002 

HAZUS-MH MR2  May 2006 EQ, FL, HU 2000 Census data 2005 

HAZUS-MH MR3 July 2007  EQ, FL, HU 2000 Census data, CDMS added 2006 

HAZUS-MH MR4 Aug. 2009 EQ, FL, HU 2000 Census data 2006 

HAZUS-MH MR5 Dec. 2010 EQ, FL, HU 2000 Census data 2006 

Hazus-MH 2.0 Jun. 2011 EQ, FL, HU 2000 Census data, storm surge 

added (with Hurricane using 

Census block for analysis) 

2006 

Hazus-MH 2.1 Feb. 2012 EQ, FL, HU 2000 Census data 2006 
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Hazus Version Release Date Hazards Inventory Summary Replacement Value 
Model Year 

Hazus 2.2 Jan. 2015 EQ, FL, HU 2010 Census data 2014 

Hazus 2.2 SP1 May 2015 EQ, FL, HU 2010 Census data, optional 

dasymetric for flood 

2014 

Hazus 3.0 Nov. 2015 EQ, FL, HU 2010 Census data, dasymetric as 

default for flood 

2014 

Hazus 3.1 Apr. 2016 EQ, FL, HU 2010 Census data 2014 

Hazus 3.2 Oct. 2016 EQ, FL, HU 2010 Census data 2014 

Hazus 4.0 Mar. 2017 EQ, FL, HU, TS 2010 Census data, Tsunami 

added using National Structure 

Inventory (NSI) data (with new 

data in territories) 

2014 [2] 

Hazus 4.2 Jan. 2018 EQ, FL, HU, TS 2010 Census data 2014 [2] 

Hazus 4.2 SP1 May 2018 EQ, FL, HU, TS 2010 Census data 2018 [2] 

Hazus 4.2 SP2 Feb. 2019 EQ, FL, HU, TS 2010 Census data 2018 [2] 

Hazus 4.2 SP3 May 2019 EQ, FL, HU, TS 2010 Census data, update of 

Essential Facilities with Homeland 

Infrastructure Foundation-Level 

Data (HIFLD) data 

2018 [2] 

Hazus 4.2 SP3 

Tools and Data 

Dec. 2019 EQ, FL, HU, TS 2010 Census data; updated PR 

and VI data to work with EQ, FL, TS 

(FEMA, 2019); update of Essential 

Facilities and some Transportation 

and Utility Facility data with HIFLD 

data  

2018 [2] 

Hazus 5.0 Apr. 2021 EQ, FL, HU, TS 2010 Census data, Hurricane 

modeling capabilities and coastal 

flood modeling added to PR and VI 

(FEMA, 2021a), added metadata 

for all previous 2019 HIFLD 

updates  

2018 [2] 

Hazus 5.1 Oct. 2021 EQ, FL, HU, TS 2010 Census data, Essential 

Facilities and some Transportation 

and Utility Facility data with HIFLD 

data 

2018 [2] 

Hazus 6.0 Nov. 2022 EQ, FL, HU, TS 2020 Census data, NSI 2022, 

dasymetric geometries, update of 

Essential Facilities and some 

Transportation and Utility Facilities 

with HIFLD Open data 

2022 

[1]EQ=Earthquake, FL=Flood, HU=Hurricane, TS=Tsunami, SR=Service Release, MR=Maintenance Release, SP=Service Pack. 

[2]Prior to Hazus 6.0, NSI Data for Guam, American Samoa, and Northern Mariana Islands used the 2016 replacement value 
model. 
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Section 2. Introduction to Inventory Data 

This brief overview of the Hazus Inventory Data is intended to provide general background on natural 

hazard modeling and how inventory data has been developed in the Hazus program. 

The Hazus Methodologies will generate an estimate of the consequences to a city or region from a 

natural hazard scenario or from a probabilistic hazard. The resulting òloss estimateó will generally 

describe the scale and extent of damage and disruption that may result from a potential event. The 

following information can be obtained:  

�ƒ Quantitative estimates of losses in terms of direct costs for repair and replacement of damaged 

buildings and system components, direct costs associated with loss of function (e.g., loss of 

business revenue, relocation costs), casualties, household displacements, and quantity of debris. 

�ƒ Functionality losses in terms of loss of function and restoration times for critical facilities such as 

hospitals, components of transportation and utility systems, and simplified analyses of loss of 

system function for electrical distribution and potable water systems. 

�ƒ Extent of induced hazards in terms of exposed population and building value due to potential fire 

following an earthquake. 

To generate this information, the Hazus Methodology contains baseline inventory data, including: 

�ƒ Classification systems used in assembling inventory and compiling information on the building 

stock, the components of transportation and utility systems, and demographic and economic data. 

�ƒ Standard calculations for estimating type and extent of damage, and for summarizing losses. 

�ƒ National and regional databases containing information for use as baseline (built-in) data useable in 

the calculation of losses if there is an absence of user-supplied data. 

These systems, methods, and data have been combined in a user-friendly GIS software for this loss 

estimation application. 

The Hazus software uses GIS technologies for performing analyses with inventory data and displaying 

losses and consequences on applicable tables and maps. The Methodology permits estimates to be 

made at several levels of complexity, based on the level of inventory entered for the analysis (i.e., 

baseline data versus locally enhanced data). The more concise and complete the inventory information, 

the more accurate the results. 

The Methodology to conduct a Hazus analysis incorporates inventory collection and hazard 

identification into the natural hazards impact assessment. For example, the steps used in the 

Earthquake Model are as follows: 

�ƒ Select the area to be studied. The Hazus Study Region (the region of interest) is created based on 

Census tract, county, or state level aggregation of data. The area generally includes a city, county, or 
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group of municipalities. It is generally desirable to select an area that is under the jurisdiction of an 

existing regional planning group. 

�ƒ Specify the earthquake hazard scenario. In developing the scenario earthquake, consideration 

should be given to credible earthquake sources and potential fault locations using the USGS and 

Hazus datasets, or subject matter experts. 

�ƒ Provide information on local soil and geological conditions, if available. Soil characteristics include 

site classification according to the National Earthquake Hazards Reduction Program (NEHRP) and 

susceptibility to landslides and liquefaction. Note that soil characteristics are not required when 

using a USGS ShakeMap. 

�ƒ Integrate local inventory data. Include essential facilities, systems, General Building Stock, or user-

defined facilities. 

�ƒ Use the formulas embedded in Hazus. Compute probability distributions for damage to different 

classes of buildings, facilities, and system components. Then, estimate the loss-of-function. 

�ƒ Compute estimates of direct economic loss, casualties, and shelter needs using the damage and 

functionality information. 

�ƒ Estimate fire risks following earthquake impacts, such as the number of ignitions and extent of fire 

spread. 

�ƒ Estimate the amount and type of debris.  

The user plays a major role in selecting the scope and nature of the output of a loss estimation analysis. 

A variety of maps can be generated for visualizing the extent of the losses. Generated reports provide 

numerical results that may be examined at the level of the Census block or tract or aggregated by 

county or region.  

2.1 Inventory Data Overview 

An important requirement for estimating losses is the identification and valuation of the building stock, 

systems, and population exposed to a hazard, i.e., an inventory. Consequently, Hazus includes a 

comprehensive inventory for use in estimating losses. This inventory serves as the baseline when the 

users of the model do not have better data available. The inventory data represent the General Building 

Stock for the continental United States, Alaska, Hawaii and the U.S. Territories and also includes 

demographic information. Additionally, the model contains national data for essential facilities and 

systems. This inventory is used to estimate damage and the direct economic losses for the General 

Building Stock or the associated impact to functionality for essential facilities, transportation systems 

and utility systems.  

There are differences in the terminology used to distinguish between types or categories of structures. 

The term òstructureó refers to all constructions, such as a building, bridge, water tank, shed, carport, or 

other man-made thing that is at least semi-permanent. A building is a structure with a roof and walls 
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that is intended for use by people and/or inventory and contents, such as a house, school, office, or 

commercial storefront. A facility corresponds to a particular place, generally a building, with an intended 

purpose, such as a school, hospital, electric power station, or water treatment facility. Some facilities 

are defined as òessential facilitiesó meaning the facility is critical to maintaining services and functions 

vital to a community, especially during disaster events. The buildings, essential facilities, and 

transportation and utility systems considered by the Hazus Methodology are as follows: 

�ƒ General Building Stock: The key General Building Stock databases in Hazus include building area 

(calculated as square footage) by occupancy and building type, building count by occupancy and 

building type, building and content valuation by occupancy and building type, and general 

occupancy mapping. Most of the commercial, industrial, and residential buildings in a region are not 

considered individually when calculating losses. Buildings within Census subdivisions (either Census 

tract or block, depending on the hazard) are aggregated and categorized. Building information 

derived from NSI data, USA Structures and other best-available public sources are used to form 

groups of specific building types for each hazard and 33 occupancy classes. Degree of damage is 

computed for each grouped combination of specific building type and occupancy class.  

�ƒ Essential and high potential loss facilities: Essential facilities are those facilities vital to emergency 

response and recovery following a disaster. They can include medical care facilities, police and fire 

stations, emergency operations centers (EOC), and schools. For this class of structures, damage and 

loss-of-function are evaluated on a building-by-building basis. There may be significant uncertainties 

in each estimate and the losses are intended to help prioritize mitigation strategies including future 

studies. Essential facilities may also include high potential loss facilities. These facilities include 

dams and levees, nuclear power plants, and military installations; however, with the exception of 

military facility data in Puerto Rico and the U.S. Virgin Islands, these kinds of high potential loss 

facility data are not included in the baseline Hazus inventories. 

�ƒ Transportation systems: Transportation systems, including highways, railways, light rail, bus 

systems, ports, ferry systems, and airports, are classified into components such as bridges, 

stretches of roadway or track, terminals, and port warehouses. Dependent on the hazard, 

probabilities of damage and losses are computed for each component of the system but total 

system performance is not evaluated, and cascading impacts from one system to another are not 

analyzed. 

�ƒ Utility systems: Utility systems, including potable water, electric power, wastewater, 

communications, and liquid fuels (oil and gas), are treated in a manner like transportation systems. 

Dependent on the hazard, probabilities of damage and losses are computed for each component of 

the system but total system performance is not evaluated, and cascading impacts from one system 

to another are not analyzed. 

2.2 Level of Analysis 

Hazus is designed to support two general types of analysis, Basic and Advanced, split into three levels 

of data updates (Levels 1, 2, and 3). Figure 2-1 provides a graphic representation of the various levels 

of analysis. 
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Figure 2-1 Level of Hazus Analysis 

2.2.1 Analysis Based on Baseline Information 

The basic level of analysis uses only the baseline databases built into the Hazus software and 

Methodology for building area and value, population characteristics, costs of building repair, and certain 

basic economic data. This level of analysis is commonly referred to as a Level 1 analysis. In a basic 

analysis (Level 1), hazard data is uniformly applied or generated from minimal input data and applied to 

the baseline inventory data with little to no user modification. Direct economic and social losses 

associated with the General Building Stock and essential facilities are computed. Baseline data for 

transportation and utility systems are included; thus, these systems are considered in the basic level of 

analysis. There is a significant level of uncertainty pertaining to the estimates and this basic analysis is 

only available in certain hazard models. However, with recent Hazus inventory updates, significant 

improvements to baseline inventories and application of hazard data continue to enhance the quality of 

the baseline loss estimates. 

Other than defining the Study Region, selecting hazard information, and making decisions concerning 

the extent and format of the output, an analysis based on baseline data requires minimal effort from 

the user. As indicated, the estimates involve large uncertainties when inventories are limited to the 

baseline data. This level of analysis is suitable primarily for preliminary evaluations and comparing 

losses across jurisdictions or regions or Census blocks. A basic Level 1 analysis could be used for 

comparisons and preliminary evaluations to assist in identifying potential mitigation actions within a 

community, which could be useful if prioritizing mitigation strategies for mitigation planning based on 

the potential to reduce losses and risk. 
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2.2.2 Analysis with User-Supplied Inventory 

Results from an analysis using only baseline inventory can be improved upon greatly with at least a 

minimum amount of locally developed input. Improved results are highly dependent on the quality and 

quantity of improved inventory data. The significance of the improved results also relies on the userõs 

analysis priorities. This level of advanced analysis is commonly referred to as a Level 2 or Level 3 

analysis. The following inventory improvements impact the accuracy of Level 2 and Level 3 advanced 

analysis results: 

�ƒ Use of locally available data or estimates of the square footage of buildings in different occupancy 

classes. 

�ƒ Use of local expertise to modify (primarily by professional judgment) the databases that determine 

the percentages of specific building types associated with different occupancy classes. 

�ƒ Preparation of a detailed inventory of all essential facilities. 

�ƒ Collection of detailed inventory and cost data to improve evaluation of losses and lack of function in 

various transportation and utility systems. 

�ƒ Use of locally available data concerning construction costs or other economic parameters. 

�ƒ Compilation of information concerning high potential loss facilities. 
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Section 3. General Building Stock: Spatial Data 

Each of the four hazard models in Hazus uses a different baseline spatial approach to apply General 

Building Stock data.  

�ƒ Earthquake and hurricane modeling are typically performed at the Census tract geometry.  

�ƒ Flood modeling is performed at the Census block with geometries enhanced to represent developed 

areas to better reflect the geographic scale sensitivity of flood hazards.  

�ƒ Tsunami modeling is performed using NSI 2022 point data distributed in the Census blocks 

representation.  

The development of Hazus General Building Stock data has changed over time as more hazards were 

modeled and geographic coverage expanded to the territories.  

�ƒ For the Earthquake Model, Hazus supports Study Regions and analysis in all 50 states, District of 

Columbia, Puerto Rico and the U.S. Virgin Islands.  

�ƒ For the Flood Model, Hazus supports Study Regions and analysis in all 50 states, District of 

Columbia, Puerto Rico and the U.S. Virgin Islands. Hazus Level 1 Riverine Flood analysis limitations 

exist with Puerto Rico, U.S. Virgin Islands, Alaska, and Hawaii except Oahu due to lack of regional 

regression equations. 

�ƒ For the Hurricane Model, Hazus supports Study Regions and analysis in Hawaii, Puerto Rico, U.S. 

Virgin Islands, and the 20 Atlantic and Gulf of Mexico states that fall within the American Society of 

Civil Engineers (ASCE) High Wind Zone (Maine, New Hampshire, Vermont, Massachusetts, Rhode 

Island, Connecticut, New York, New Jersey, Pennsylvania, Delaware, West Virginia, District of 

Columbia, Maryland, Virginia, North Carolina, South Carolina, Georgia, Florida, Alabama, Mississippi, 

Louisiana, Texas). 

�ƒ For the Tsunami Model, Hazus supports Study Regions and analysis in five very high-risk states on 

the Pacific coast (Hawaii, Alaska, Washington, Oregon, California) and five high risk territories 

(Puerto Rico, U.S. Virgin Islands, Guam, American Samoa and Northern Mariana Islands). 

This section summarizes Hazus inventory information based on the different types of General Building 

Stock spatial data, all of which will be described in greater detail later in this section: 

�ƒ Census Boundary Data: These data relate to Hazusõs use of slightly modified (clipped for water 

features) baseline U.S. Census boundaries at the tract and block subdivision levels with tract 

centroids adjusted based on developed areas.  

�ƒ Dasymetric Data: These block-level data, also primarily based on the U.S. Census boundaries, have 

been modified based on land cover and building footprint data to include those areas where 

structures are to be found. Dasymetric data serve as the analysis basis for the Hazus Flood Model. 
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�ƒ Homogeneous Boundaries: Homogeneous area boundaries are based on the original (clipped) U.S. 

Census block and tract features and are not limited to the developed areas reflected in the 

dasymetric data. They are referred to as òhomogeneousó based on the assumption that the 

underlying Census data is uniformly distributed throughout the entirety of the Census block or tract. 

The homogeneous boundary datasets are used for Study Region aggregation for all hazards. 

�ƒ Community Boundary Data: Community boundary data, utilized primarily by the Hazus Flood Model, 

include boundaries for local jurisdictions/communities, tribal areas and Special Land Use Areas 

(SLUAs).  

�ƒ Approximate Site-Level Data: These site-level data approximated by points were developed using 

data from the NSI (USACE, 2022) for the U.S. states and FEMA Natural Hazards Risk Assessment 

Program (NHRAP) for the U.S. territories takes a different approach to identifying structure locations 

by distributing structure coordinates (points) within the developed areas of Census blocks. Table 

1-1, shown earlier in this document, describes Hazus versions and includes information on when 

each of these spatial data types was first introduced in Hazus.  

3.1 Census Boundary Data 

Census blocks, the smallest geographic area for which the Bureau of the Census collects and tabulates 

decennial Census data, were formed by streets, roads, railroads, streams and other bodies of water, 

other visible physical and cultural features, and the legal boundaries shown on Census Bureau maps. 

Conceptually, a Census block can be thought of as a unit with roughly the population of a city block. 

However, there is no official minimum population for a Census block (almost half have zero population), 

and the original 1990 minimum size of 30,000  square feet can be overwritten, when it makes sense, by 

bounding features. There is also no maximum size for a Census block, so in low population rural areas 

Census blocks can be several to hundreds of square miles. In Hazus, the dasymetric blocks include only 

the developed areas and average just 0.03 square kilometers with a maximum of 10.6 square 

kilometers and a sum of the entire developed area for all U.S. (inclusive of the territories and DC) 

regions combined of about 225,000 square kilometers. To implement Census blocks (and other Census 

boundaries such as tracts) within a database environment, the Census Bureau made use of Geographic 

Identifiers (GEOIDs) to establish a unique naming convention to apply to different geographic areas. In 

Hazus, the most common GEOIDs used are Census blocks (15-digit code), Census tracts (11-digit code), 

and counties (5-digit code). More information on Census boundaries and the use of GEOIDs can be 

found at Census Bureau (2018) as listed in Section 11 of this document. 

The baseline General Building Stock spatial data for the Earthquake and Hurricane Models use the 

2020 Census tracts. The 2020 Census blocks are the original baseline General Building Stock spatial 

data for flood, and for when a combined storm surge analysis is conducted using both hurricane and 

flood. Tract and block data are clipped using the water features from the U.S. Census Bureau 

Topologically Integrated Geographic Encoding and Referencing (TIGER) Areal Hydrography Geodatabase 

and updated using the developed areas from the dasymetric processing.  

The 2020 Census uses about 8 million Census blocks across the entire United States and its territories. 

This is about a 27% decrease from the number of blocks used in the 2010 Census. Almost every state 
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and territory saw a substantial reduction in total Census blocks, with only Rhode Island gaining in total 

Census blocks (+2%). This redistricting and consolidation of blocks required a complete regeneration of 

the Census block boundaries. In addition to incorporating the 2020 Census boundaries, the process 

refined representation of coastal boundaries and removed all water body blocks. As will be described in 

the next section, the baseline Census block boundary data has been further clipped or removed based 

on building data and land use, known as dasymetric data, for use in flood and storm surge analyses and 

distribution of the building points used in Tsunami analysis. Following this process some 6.8 million 

Census blocks are used in Hazus.  

There are some data maintenance considerations Hazus users should keep in mind related to Census 

boundary data: 

�ƒ Boundary changes. Many boundaries, especially at the Census block level, change over time. For 

areas with high growth, each decadal Census might alter existing tracts and blocks, both adding 

new features and changing spatial boundaries. There is not a simple 1-to-1 relationship between 

any two sets of Census data from different decennial Census. Even county-level information may 

change over time with new counties being created or old counties being merged and renamed. Also, 

modern surveying methods can correct past errors and alter county and sometimes state boundary 

data over time.  

�ƒ Census updates. While new Census boundary data are often available prior to each Census, the 

associated detailed tabular data for population counts that is used by Hazus typically is not released 

until years after each Census. Therefore, Hazus Census-related data may not be updated until the 

data becomes available following each Census. 

Some elements in the General Building Stock baseline database are established from Census Bureau 

sources that are at a courser resolution than individual state data. Table 3-1 displays the lists of states 

within Census regions and divisions. Territories are assigned to a Census Region but are not assigned to 

Census divisions. 

Table 3-1 Census Regions and Divisions 

Census Region Census Division States/Territories 

Northeast  New England  CT, MA, ME, NH, RI, VT 

Northeast Middle Atlantic  NJ, NY, PA 

Midwest  East North Central IL, IN, MI, OH, WI 

Midwest West North Central IA, KS, MN, MO, ND, NE, SD 

South South Atlantic DC, DE, FL, GA, MD, NC, PR, SC, VA, VI, WV 

South East South Central AL, KY, MS, TN 

South West South Central AR, LA, OK, TX 

West Mountain AZ, CO, ID, MT, NM, NV, UT, WY 

West Pacific AK, AS, CA, GU, HI, MP, OR, WA 
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3.2 Dasymetric Data 

Several types of input data sources were used to build the national dasymetric dataset, including 

geographic boundaries supplied by the U.S. Census Bureau, a land cover classification raster, and 

multiple sources of national building footprint spatial datasets. This data, detailed in Table 3-2, was 

used to more accurately define developed area in the final dasymetric output.  

Table 3-2 Dasymetric Input Data 

Hazus 6.0 
Dataset Name 

Hazus 6.0 
Dataset 

Date 

Hazus 6.0 Dataset 
Source 

Description of Hazus 6.0 
Dataset 

Geographic 
Coverage 

Microsoft Bing 

Building 

Footprints 

Dataset 

2018 Microsoft Microsoft - open building 

footprints for the U.S., actual 

imagery dates vary.  

Continental 

United 

Stated 

(CONUS) 

National Land 

Cover Database 

(NLCD) 

2019 Multi-Resolution 

Land 

Characteristics 

Consortium 

(MRLC) 

Nationwide data on land cover 

at a 30 meter resolution with 

a 16-class legend based on a 

modified Anderson Level II 

classification system. 

CONUS 

NSI 2022  June 

2022 

USACE Point-based structure 

inventories. Developed from 

Lightbox Parcel, NGA lidar, 

USA Structures and Bing 

footprints. 

AK, HI, 

CONUS 

except DC 

U.S. Territories 

Building Footprint 

Dataset  

2018 FEMA NHRAP Lidar-based polygon building 

footprints. AS lidar sourced 

from NOAA (2012). GU lidar 

sourced from USGS (2012-13) 

and parcel data from 2007. 

MP lidar sourced from USACE 

(2007) and parcel data from 

2006. 

AS, GU, MP 

U.S. Territories 

Building Point 

Dataset 

2018 FEMA NHRAP Additional lidar-based point 

file.  

GU 

PR Building 

Footprint Dataset 

2015 FEMA NHRAP  2015 USGS lidar-based 

building footprints, 

reprocessed in 2020 to 

remove slivers and duplicates. 

PR 

VI Building 

Footprint Dataset 

2013 FEMA NHRAP 2013 USGS lidar-based 

building footprints, 

reprocessed in 2020 to 

remove slivers and duplicates. 

VI 
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Hazus 6.0 
Dataset Name 

Hazus 6.0 
Dataset 

Date 

Hazus 6.0 Dataset 
Source 

Description of Hazus 6.0 
Dataset 

Geographic 
Coverage 

USA Structures 

Dataset 

2021 Department of 

Homeland 

Security, Federal 

Insurance and 

Mitigation 

Administration, 

FEMAõs Response 

Geospatial Office, 

Oak Ridge 

National Lab 

(ORNL), USGS 

Building footprints extracted 

from aerial imagery ranging in 

dates, urban areas are 

supplemented with National 

Geospatial-Intelligence Agency 

(NGA) lidar. 

All U.S. 

U.S. Census 

Bureau TIGER 

Areal Hydrography 

Geodatabase 

2021 U.S. Census 

Bureau 

Geometry and attributes of 

both perennial and 

intermittent area hydrography 

features. 

All U.S. 

U.S. Census 

Bureau TIGER 

Census Blocks 

Geodatabase 

2021 U.S. Census 

Bureau 

A geodatabase that contains 

all Census blocks for the 

nation. 

All U.S. 

U.S. Census 

Bureau TIGER 

Census Tract 

Layer 

2021 U.S. Census 

Bureau 

A layer containing all Census 

tracts for the nation. 

All U.S. 

U.S. Census 

Bureau TIGER 

Coastline National 

Shapefile 

2021 U.S. Census 

Bureau 

A shapefile containing 

coastline features. 

All U.S. 

U.S. Census 

Bureau TIGER 

County Layer 

2021 U.S. Census 

Bureau 

A layer containing all counties 

for the nation. 

All U.S. 

U.S. Census 

Bureau TIGER 

Faces County 

Files 

2021 U.S. Census 

Bureau 

These topological faces 

shapefiles contain the 

attributes of each topological 

primitive face. Each face has 

a unique topological face 

identifier (TFID) value. 

All U.S. 

To support the development of the national dasymetric dataset, a dedicated PostgreSQL database 

environment and custom dasymetric processing code was established. Using a relational database with 

spatial capabilities to process the necessary data in combination with dasymetric business logic code 

provides several benefits including ease of methodology implementation, better quality control, and 

repeatability. Figure 3-1 provides an example of new dasymetric Census blocks in Hazus 6.0 compared 

to the traditional 2020 U.S. Census blocks and world imagery. 
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Figure 3-1 Example of New Dasymetric Census Blocks in Hazus 6.0 

Census blocks which contain only water were removed from input into the dasymetric processing of the 

TIGER Census block boundaries. The field òALAND20ó gives the total land area of the Census block. If 

this field value was zero, no dasymetric geometry was created for the Census block.  

The 2019 NLCD raster pixels associated with the remaining Census blocks were identified for each 

Census block. The intersection of the input USA Structures dataset and the Census blocks were then 

used to identify NLCD pixels which included developed area based on building presence. If any pixel 

intersecting the USA Structures footprint had a value of 11 (indicating the land cover classification Open 

Water), that building was not used to create dasymetric geometry. Otherwise, pixels intersecting the 

footprint were marked for inclusion in further processing. This same process was then performed using 

the input Microsoft Bing Building Footprint and Census block intersection. At this point if the Census 

block had no marked pixels for the USA Structures and Microsoft Bing building footprints, all NSI 

locations for the Census block were evaluated to determine if they were valid locations. Otherwise, the 

NSI 2022 dataset was filtered to exclude points with a questionable source (NSI attributes: Source = ôXõ 

and Ftprntsrc = ôNullõ). The NSI point was then buffered by a radius extrapolated from the square 

footage of the building as denoted by the pointõs attributes. The resulting polygon was then used in the 

same way as the other building footprints to include the pixel for processing if the polygon did not 

intersect an Open Water pixel. 

For the U.S. territories (American Samoa, Northern Mariana Islands, Guam, Puerto Rico, and the U.S. 

Virgin Islands), the datasets identifying input buildings were each spatially intersected with the Census 

block polygons to establish a building-Census block relationship. These datasets were the USA 

Structures dataset, the U.S. Territories Building Footprint dataset, and U.S. Territories Building dataset. 

The U.S. Virgin Islands did not utilize the USA Structures dataset and only used the U.S. Territories 

Building dataset. USA Structures and U.S. Territories Building datasets were each spatially intersected 

with the water bodies in the 2021 TIGER Area Hydrography layer to establish a building-water body 

relationship. Any building footprint polygons in Puerto Rico specifically that intersected a water body of 










































































































































































































































































































































































